In this attempt, which is a second part of discussions on tapped density optimisation
INTRODUCTION
In the composite industry, concerns are often shown for the changing density values of reinforcing filling powders during transportation. Usually, discrepancies are often noticed in the values of the densities. As a solution to this, a scientific approach adopted to solve this dispute is the use of experimental tapped density. Still, this tapped density needs to optimised and the use of Taguchi becomes relevant since the investment of research efforts is just growing in this direction (1, 2) . Taguchi method (TM) is an optimisation method based on a special design technique known as design of experiments (3, 4) . Its uniqueness lies in the incorporation of statistical methods into various engineering process and its ability to use different factors at the same time, unlike conventional methods which uses one factor at the same time. This makes Taguchi method to be used profitably in various industrial and engineering processes to maximise yield or profit under tough economic conditions. Taguchi method design of experiment uses a robust orthogonal array which allows for all possible combination of factors and levels. Parameters involved in the experiment are known as factors, while levels describe the possible conditions of the factors during the experiment.
A literature review was conducted on the four agricultural wastes to find out to what extent the wastes have been applied in practice (5, 6) , as fillers to composites. The search of literature retuned information about some papers on orange peels and particulates as well as on coconut shell and particulates. A scanty number of studies were also sighted based on egg shell particles but composites or independent examinations of fillers of palm kernel shell and periwinkle shell particles are non-existent. The reason for the scanty and sometimes absence of studies of waste agricultural products as fillers is due to their filler characteristics and potentials not being fully appreciated. Another fact is the non-availability of scientific reporting on their properties, such as tapped density optimisation, which compels engineers and scientists to choose fillers that are well-studied and show reported rewards. It is not a surprise to note that majority of studies on orange peels and particulates are outside the composites fabrication domain.
EXPERIMENTAL
This section is dedicated to the materials used in the paper as well as the methods of analysis. The detailed information on the materials used for the experiments has been given in the first paper. Also, the details of the methods have been given in the schematic diagram concerning the research in the first paper also. The information from the schematic diagram ( Figure 1 of the first paper) that concerns this work is principally the issue of Taguchi-Pareto. The claim of relevance of Taguchi-Pareto observation is made in this paper and in this section, justification concerning the choice of Taguchi scheme as well as Pareto analysis the necessity to integrate them is promoted. First, we start with the advantage of the Taguchi scheme. The Taguchi scheme principally has the advantage of tremendous cost savings compared with the basic mathematical optimisation steps in literature. This advantage stems from the fact that the required quantities of experimental runs to achieve acceptable results with the employment of Taguchi scheme is often very less in comparison with what is necessary using the basic mathematical optimisation steps.
Pareto, as a concept, has gained tremendous attention of quantitative researchers, particularly in industrial engineering as a realistic observation in most practical events that the majority of industrial activities, and in this case, issues concerning tapped density optimisation parametric values, are not distributed in an even manner, but according to an 80:20 percentage observation. The success of the Pareto analysis in industrial applications and theory has therefore motivated its use in our current work. However, it will be integrated with the Taguchi scheme to derive the most benefit from its synergy. The major advantage of Pareto lies in the understanding that it has the capability of prioritising certain problem causal agents in such a way that the most severe problems are distinguished and arranged in order of strength to the least severe problem. Synergy in the perspective of tapped density optimisation with respect to filler development in the composite industry is the integrated influence of Taguchi scheme and Pareto analysis that produces a situation in which the outcome of the integration is more beneficial to the system than the addition of the individual tools of Taguchi scheme as well as Pareto analysis employed alone to the tapped density optimisation process. The synergic effect of these two tools is positive as it will improve the optimisation results.
RESULTS AND DISCUSSION

Analysis of variance (ANOVA)
The use of the Taguchi method gives information for choosing the optimal parameter condition. It also makes it possible to analyse the relevance of each parameter for subsequent studies. The analysis of variance (ANOVA) makes it possible to measure the effect of the tapped density parameters on the quality characteristics of interest (7) . The results of the ANOVA for the CSPs, PSPs, PKSPs and ESPs tapped density are presented in Table 1 The decision table for the ANOVA of the particulates tapped density using different methods of S/N mean response is described by Table 2 . Since F crit equals 3.862 which exceeds F 0.05 = 3.86, which is the value for 3 and 9 degrees of freedom for the numerator and denominator, respectively (8, 9) . As a result of this difference, we can conclude that there is a difference in the mean values of the various factors for the different levels of the tapped density experimental values.
Performance analysis
The performance analysis of the Taguchi optimisation was measured in terms of percentage improvement of the optimal tapped density over the peak and average tapped density values of the particulates. This was done to find the effectiveness of the Taguchi method (10, 11) in providing lower tapped density values over the average and peak tapped density values obtained from the experiment. This is presented in Table 3 (a) as follows.
The average tapped density values was obtained by finding the mean of the tapped density values across all the runs of the tapped density experiments, while the peak tapped density values is the highest tapped density obtained at the application of 48 taps. The optimal tapped density value was derived by dividing the mass by volume obtained from the optimal Taguchi setting. From Table 3 (a), the performance analysis of the Taguchi optimal results was carried out by finding the percentage improvement in two directions. First is the percentage improvement of the optimal tapped density over the average tapped density of each particulate fillers. Second, is the percentage improvement of the optimal tapped density over the highest tapped density measurement for each of the particulate filler.
Table 3(a). Performance analysis of optimal density with tapped density values of fillers
The particulate filler with the highest average tapped density is the 0.425 mm periwinkle with an average density of 4.24 g/cm 3 , while the optimal tapped density from the Taguchi optimisation gave 4.38 g/cm 3 . A negative percentage improvement of -3.3 % was obtained from the performance analysis. This indicates that the average tapped density value is not a reflection of the all the tapped density values obtained at the application of different number of taps. Hence, it cannot be optimised and it did not give a positive percentage improvement. On the other hand, the highest tapped density of the 0.425 mm was obtained as 4.39 g/cm 3 at the application of 48 taps. The performance analysis produced a positive improvement of 0.23 % for the optimal tapped density over the peak tapped density values of the 0.425 mm periwinkle. This means that the Taguchi method was effective in obtaining a lower tapped density value than the highest tapped density value of the particle. For all the particulate sizes, the performance analysis of the optimal values over the average tapped density values produced negative results. The performance analysis of the optimal tapped density values over the peak values of the filler particles gave positive percentage improvements. The effectiveness of the Taguchi method in obtaining lower tapped density results was significantly pronounced in the case of 0.425 mm palm kernel shell particles which had a percentage improvement of 2.43 %, followed by 0.300 mm egg shell particles which had an improvement of 1.89 % .
Taguchi-Pareto (80-20) rule analysis (factor-level dependent)
The Pareto 80-20 rule was used in finding the factor level values which makes the most significant contribution to the overall tapped density of the particulate fillers. This was done by arranging the factor levels in descending order from the highest to the lowest. For each of the filler particles, the overall sum of the factor level values was obtained. The percentage contribution of each factor level to the overall sum was also obtained. This was followed by finding the cumulative percentage contribution of each factor level to the overall sum. At the 80 % threshold, the factor levels are separated using the 80-20 rule. The factor levels from the 80 % threshold and above are rearranged to obtain a revised 
Original scientific paper 136 revised tables to give a new optimal parametric setting. This new optimal setting is the Taguchi-Pareto optimal setting. For the CSPs, the revised table is described by Table 3 (b). The revised table shows that all the factor levels for 0.300 and 0.425 mm mass (P and R) are retained, while only one factor level was retained for 0.300 and 0.425 mm volume (Q 1 and S 1 ). The factor levels present in the revised table indicates that it is economical to pursue their optimality. On the other hand, the absence of factor levels from the revised table indicates that their contribution is not significant as revealed by the use of the Pareto 80-20 rule. Therefore, adequate attention may not be given to them. The geometric and quadratic methods of mean S/N response determination have been identified earlier in this investigation to obtain better optimal values than the conventional mean when the LB quality characteristics are required. Using these preferred methods, the Taguchi-Pareto optimal setting for CSPs tapped density is given as P 4 Q 1 R 2 S 1 . This gives optimal tapped densities of 3.37 and 3.40 g/cm 3 respectively, for the 0.300 and 0.425 mm CSPs particles. Although the Taguchi-Pareto optimal setting differs from the Taguchi optimal setting, both of them produced the same optimal densities for both particle sizes of the CSPs. The Pareto 80-20 rule helped to identify the factor levels of each parameter which are economical to optimise.
By applying the same principles of Pareto 80-20 rule to the PSPs tapped density parameters, a revised table of parameters and levels is obtained which is described by Table 3 (c). The factor levels for 0.425 and 0.600 mm mass (P and R) respectively, were retained in the revised table, while only one from 0.600 volume (S 1 ) was available. However, no factor level was retained for the 0.425 mm volume (Q). This is an indication that it is not economical to go for its optimality, because the input of the parameter is not significant as shown by the Pareto 80-20 rule. Therefore, Taguchi-Pareto optimal setting is obtained as P 1 R 2 S 1 . As a result, only the optimal tapped density for the 0.600 mm particles was obtained as 4.04 g/cm 3 . The Taguchi-Pareto and Taguchi optimal settings were found to differ; they however produced the same optimal tapped density for the 0.600 mm particles. The application of the Pareto 80-20 rule showed that the contribution of Q parameter factor levels were less significant to the tapped density and not advisable for optimisation.
Using the same Pareto 80-20 rule for the PKSPs tapped density parameters, a revised table of parameters and levels was obtained which is given by Table 3(d). In the revised table, all the factor levels for 0.425 and 0.600 mm mass (P and R) are available while only one factor level for the 0.425 volume (Q 1 ) was retained. The revised table did not contain any factor for 0.600 volume (S). The implication of this is that it is not cost effective to go for its optimality because its contribution is not significant going by the use of the Pareto 80-20 rule. As a result of this, the Pareto-Taguchi optimal parametric setting is obtained as P 1 Q 1 R 3 . This gives an optimal tapped density of 3.38 g/cm 3 for the 0.425 mm particles which agrees with that obtained by the Taguchi optimal setting while the optimal tapped density could not be determined due to application of the Pareto 80-20 rule. Applying the Pareto 80-20 rule to the ESPs, a revised table of parameters and levels was obtained which is given by shows that its contribution to the overall tapped density is not significant going by the Pareto 80-20 rule. Therefore, it is not economical to go for its optimality. The resulting Pareto-Taguchi optimal setting is given as P 2 Q 4 R 1 . The optimal tapped density of the 0.300 mm particles was obtained as 3.87 g/cm 3 which agree with the value obtained by the Taguchi method.
In Table 3 , all the factor levels for the 0.425 and 0.600 mm mass (P and R) are retained, while only one factor level for the 0.425 mm volume (Q 1 ) was retained in the new table. None of the 0.600 mm volume (S) factor levels are however present in the revised table of parameters. Going by the Pareto 80-20 rule, the contribution of the S parameter is low and is not advisable to go for their optimality. Therefore, the Taguchi-Pareto optimal setting is given as P 1 Q 4 R 1 . The Pareto-Taguchi optimal tapped density for the 0.425 mm particles is obtained as 3.30 g/cm 3 which is the same with the value obtained by the Taguchi method. Table 3 (c) is the optimal parametric settings and tapped densities obtained by Taguchi and Taguchi-Pareto methods. 
Taguchi-Pareto 80-20 rule analysis (s/n ratio-based method)
The Pareto 80-20 rule was applied to the S/N response tables of the particulate fillers tapped density. This was done in order to know which of the S/N ratios are significant to the optimisation of each of the filler particles. All the S/N ratios in each response table for the respective particles were arranged in descending order from the largest to the smallest value. The overall sum of the S/N ratios was obtained and the percentage contribution of each S/N ratio to the total sum was calculated. The S/N ratios are separated using the 80-20 rule at 80 % threshold of the cumulative percentages.
For the CSPs, the revised S/N response table is given by Table 4 (b). The TaguchiPareto optimal setting is consistent with the optimal setting obtained when the Pareto 80-20 rule was applied to the factor-level based method. However, the revised S/N response table shows the absence of S/N ratios from factor levels S 2 , S 3 and S 4 . These S/N ratios were cut off by the direct application of the Pareto 80-20 rule to the S/N response table. Applying the Pareto 80-20 rule to the PSPs S/N response table produced a revised table described by Table 4 (c). The optimal setting was obtained as P 1 Q 2 R 2 S 1 which differs from that obtained when the Pareto rule was applied to the table of factors and levels. The major difference is the inclusion of parameter Q which was left out of the revised table of parameters and levels in the new optimal setting. The S/N ratios of parameter Q were found to be significant to the optimisation of the PSPs tapped density using the Pareto 80-20 rule, although they were not considered when the Q parameter was left out of the revised table of parameters and levels. The S/N ratios absent from the revised S/N response table are from factor level positions S 2 , S 3 and S 4 . This is as a result of being demarcated by the Pareto 80-20 rule at the 80 % threshold.
Using the Pareto 80-20 rule on the PKSPs S/N ratios gave a revised S/N response table described in Table 4 (d). From the table, the Taguchi-Pareto optimal setting is given as P 1 Q 1 R 3 S 1 . The major difference in the Pareto-Taguchi optimal setting is the presence of the S parameter which was left out in the revised table of parameters and levels. The revised S/N response table shows the S/N ratios from the factor levels that are significant for optimality. The S/N ratios from factor levels Q 2 , Q 3 and Q 4 are considered not significant for optimality using the Pareto 80-20 rule and are not included in the revised S/N response table. The revised S/N response table for ESPs is described by Table 4 (e). This was obtained after the application of the Pareto 80-20 rule to the S/N ratios of the ESPs response table. The new optimal setting is given as P 2 Q 1 R 1 S 1 which varies with when the Pareto rule was applied to the table of parameters and levels. The main difference is the inclusion of the S parameter which was removed from the revised table of parameters and levels and from the optimal setting. The revised S/N response shows the presence of S/N ratios relevant for optimality, while the absence of S/N ratios from factor level positions Q 2 , Q 3 and Q 4 indicates they are not relevant for optimality by the Pareto 80-20 rule.
A new optimal setting of P 1 Q 1 R 1 S 2 was obtained which differs significantly when the Pareto 80-20 rule was applied to the parameters and levels. This is a result of the inclusion of the S parameter which was excluded from the revised table of parameters and levels. The S/N ratios present in the revised S/N response table are economical for optimality. The S/N ratios from factor level Q 2 , Q 3 and Q 4 are absent from the revised S/N response table which indicates that they have been removed by the application of Pareto 80-20 rule. The application of the Pareto 80-20 rule to the S/N response table helps to identify the relevant S/N ratios that are economical for optimality for a given process. The S/N ratios not relevant for optimality were cut off by the Pareto 80-20 rule and are not included in the revised S/N response table. Hence, their significance is minimal and cannot be considered for optimality (Table 4) . 
CONCLUSION
In the current research, which is the second part of an article, the following conclusions are made. The analysis of variance (ANOVA) technique was used to calculate the individual contributions of each parameter to the tapped density of each particle. The performance analysis produced negative percentage improvements when the optimal tapped density was compared with the average tapped density except for orange peels which yielded 0%. However, the performance analysis between optimal tapped density and the peak tapped density values yielded positive percentage improvements for the four filler particles. The F crit was found to exceed the F 0.05 value which implies that we can conclude that there is a difference in the mean values of the various factors for the different levels of the tapped density experimental values. The performance analysis results validate the effectiveness of using the Taguchi method in improving the tapped density properties of the filler particles.
The application of the Pareto 80-20 rule was carried in two main directions. First, it was applied to the table of parameters and levels to find the most significant factor levels that are economical for optimality of the particulate tapped density. Second, it was used on the S/N response tables to find the S/N ratios that are relevant to optimality of the particulate tapped density.
 The application of the Pareto 80-20 rule to tables of parameters and levels produced revised tables of parameters and levels. New optimal settings were obtained for the PSPs, PKSPs and ESPs tapped density, while that of CSPs remain unchanged. The new optimal settings obtained for the particulate fillers is due to the removal of one of the parameters in the revised table of parameters and levels by the Pareto 80-20 rule.
 The application of the Pareto 80-20 rule to the S/N response tables produced revised S/N response tables for CSPs, PSPs, PKSPs and ESPs tapped density. The revised S/N response tables for PSPs, PKSPs and ESPs contains the parameter that was removed by the application of the Pareto 80-20 rule to the tables of parameters and levels. This is majorly responsible for the new optimal settings for PSPs, PKSPs and ESPs tapped density. The revised S/N response tables retains the S/N ratios that are significant for optimality, while the S/N ratios that are absent indicates they are not relevant to optimality by the Pareto 80-20 rule. Овај рад, који је други део студије о оптимизацији стресене густине четири отпадна материјала пољопривреде: честице кокоса, зимзелени, палмине коштице и коре јајета, бави се компаративном анализом перформанси. Новина у раду је то да је оптимизација варијабли процеса извршена применом Тагучијеве методе у спрези са Паретовим правилом 80-20. Негативна побољшања су резултирала када је опти-мална стресена густина упоређена са просечном стресеном густином. Међутим, анализа перформанси у којој су вредности оптималне стресене густине и пика стре-сене густине дала позитиван проценат побољшања за честице сва четири пуниоца. Резултати анализе перформанси валидирају успешност Тагучијеве методе у побољ-шању карактеристика стресене густине честица пунилаца. Примена Паретовог 80-20 правила на табелу параметара и нивое дала је ревидиране табеле параметара и нивоа на основу којих је било могуће идентификовати фактор-ниво позиције за сваки параметер који је економски оптималан. Паретово правило 80-20 је такође дало као резултат ревидиране табеле за S/N одговоре који су били коришћени за одређивање S/N односа који су релевантни за оптималност.
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